THIS subject has been dealt with so fully by Mr. Foster Moore [11 that it may seem superfluous to write anything further upon it. The starting point of the present work was the clinical fact that in some cases of early atheroma a lowering of central vision to ; or 6 could be observed, for which no other explanation than the atheroma was forthcoming. I had begun to investigate the fields in detail, to see if a lowering of visual acuity occurred in other parts of the field than the fixation point, before I had an opportunity of reading the papers of the above-named author. My work has been continued, mostly upon what appeared, ophthalmoscopically, to be early cases of atheroma, in order to endeavour to detect the earliest effects upon the visual fields. Later cases are included in this paper, to make, as far as possible, a continuous series; each case being allotted a letter, by which it is named.
(4) In a few cases a 4-volt lamp or candle was employed outside the "Y area, to see if the retina was sensitive to a strong stimulus. (5) Graphs of the visual acuity along the horizontal meridia were constructed in some representative cases, to show to wlhat degree the acuity was affected in the various parts of the fields.
(6) Graphs were also drawn to show the percentage loss in various parts of the fields. Taking the normal acuity in everyl part of the horizontal section of the field as 100 per cent., the graph for a normal eye becomes a horizontal line at the 100 per cent. level. The graphs for the abnormal fields show by their depression below this the percentage loss, by their height above the zero line the percentage remaining.
GROUPS.
The cases have been divided arbitrarily into tlhree groups, according to the loss of the 300 field. This has been taken as the criterion because it is the smallest object on the Mcllardy perimeter with which a full field can be obtained normally. The third group is fairly well separated from the first two by more advanced ophthalmoscopic appearances.
The full normal fields for 300 in the eight lprincilpal meridia, if added together and divided by eight, give an average angle of 65°from the fixation point. The present cases are divided into three groups, tlhus:-Group (1) Average angle for 3j& over 50°for better eye if both recorded, with concentric diminution of field; (2) Between 500 and 450 for better eye with concentric diminution; (3) Below 45°, with concentric or excentric diminution. M (left eye) was an exception when first seen, in that the average angle was 48 5°.
A glance at the table of cases shows at once there is no correspondence between the severity of the eye condition and the blood-pressure. In all three groups there are wide variations, from almost normal readings up to very high lpressures. There is no correspondence between increasing age and severity of disease; nor are the cases sufficient in number to warrant any deduction on this point. Thus the classification rests mainly upon the fields, partly upon the ophthalmoscopic differences, especially on the latter in the third group.
First Groutp (Cases A to F).
Very slight fundus alterations. In all the veins are slightly full, some partly cut by the arteries. In A, B and C the arteries are of normal calibre, with normal reflexes. In D the arteries were generally narrowed, especially the superior temporal near the disc, but there is no corresponding sectoral loss in the field. In E the arteries were tortuous, not narrowed. In F some arteries were narrowed, but again with no sectoral loss in the field.
The 10100-i field is decreased in all of this group, four having receded centrally to the blind spot area, two others being flattened above. The 1-f30o field boundary lies between the 30°and 400 circles in all except the lower edge of F (January 23, 1925), where it reaches 420.
The 3,,field is slightly but definitely contracted, most markedly so in F. There is slight enlargement of the blind spot in B, C, D and E. Central vision is slightly lowered in three cases.
Thus the greatest incidence of loss is in the 170o0, least in central acuity. This area (-f-1--a) seems particularly liable to attacks upon it, for Traquair [2] and myself [3] have shown independently that this area is frequently diminished very early in chronic glaucoma. Graphs of A and F illustrate these points in another way. They show how every part of these fields is affected but with comparatively slight loss in the central acuity. It is important to realize that in these apparently slight cases there is much more damage than would appear from the ophthalmoscopic appearances. The percentage graphs of A and F show the same points but are interesting as showing the variation in the proportions in which the various parts of these sections are affected. But though there is a tendency to greater loss towards the periphery, there are great irregularities in the amounts lost in different parts of the field, very much more than would be anticipated from the graphs of the visual acuity of these cases. In the percentages the survival of the central acuity dominates the chart when this is ' or more. It should be noted that these alterations are not concentric with the blind spot, as it should be if they were merely dependent upon the obstruction through the central vessel, but suggest that the field loss results from at least two factors-the blood-supply and the local resistance to deterioration. Second Group (4 Cases, G to J).
These cases show a further diminution of the wzn field. This group also shows a distinct loss for the #-uL4 field. In H and J a 4-volt lamp and a candle respectively could be seen only in part of the field outside the o outline, the remainder of its field corresponding with #Ay, so that these two cases show an absolute loss of function at the periphery.
The 1oo-ofield maintains its size fairly well in this group, but the -f is further diminished. There is no sectoral loss until the 1-frLn field is reached; G (right eye) and H show slight irregular loss at this bouindary. G, H and J show enlargement of the blind spot. Central vision still remains good in this group. The ophthalmoscope shows the veins cut by the arteries in all the cases; in only two (G and J) are the arteries narrowed. When J was first seen they were of normal appearance; six months later the superior nasal vessels were narrower. The fields had become smaller during this period, but concentrically, so that there was no sectoral defect corresponding to this group of vessels. Third Group (10 Cases, K to T). These cases are distinguished by still greater general diminution and, in some, by sectoral defects.
With the exception of K, all the cases of this group show narrowing of the retinal arteries, some have bright reflexes, others are nearly obliterated; the details are given in the clinical abstracts.
K, L, M, 0 and P show no sectoral defect in the margin of the -x field, although the fields are by no 'ineans concentric with the normal field. In these cases the 1-A field shows marked diminution in L and M, being internal to the blind spot. In the cases where the 1 was charted it was very small; in L and M vision was too poor for this to be charted; while P is distinguished by the extreme concentric contraction for all objects.
In K, L and M the blind spots were distinctly enlarged. Central vision was much lowered in L, M and P; in K, N and 0 not much or not at all affected.
R and Q are interesting because, with distinctly visible lesions of definite vessel groups, the sectoral loss does not correspond. In R the sectoral loss involves nearly three quarters of the field, yet the obvious lesion affects the inferior temporal vessels; in Q (right eye) the inferior arteries are hardly visible, yet it is the inferior and not the superior half of the field that shows greater loss. S shows sectoral loss very clearly. Here the superior arteries were the more narrowed in both eyes, so that the sectoral loss in the left eye corresponds fairly well with the ophthalmoscopic appearances. T is in a class somewhat by itself in its ophthalmoscopic appearances. When first seen the retinal veins in both eyes near the disc were of ordinary width, partly covered by white tissue, so that the column of blood appeared narrowed or had wholly disappeared. The arteries on the left disc had a sheath of fibrous tissue. Notwithstanding the very different appearances, the effect on the fields was the same as in the other cases. When first seen the fields were only slightly and concentrically -201 at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from Section of Ophthalmology (69 diminished. In twenty-one months the concentric diminution was much greater, and the right had also lost nearly the whole of the nasal half of the field. After eight months both showed further loss, each keeping to its own type. After four years of observation glaucoma occurred in the right eye, which was relieved by a trephining, though the latter has not prevented a further diminution in the field. It must be assumed that the further diminution after operation is due to the effects of atheroma, as tension was fully relieved by the operation. of vision in the central portion of the field; while the periphery is fairly well retained. R shows the steep fall in acuity which results where two or more field outlines coincide at any part, suggesting a precipice in a mountain range or a cliff on the sea shore.
The percentage graphs of this group emphasize the steepness with which the acuity falls in the periphery of the field in the generally contracted cases where the central vision is good; on the other hand, where central vision is much lowered, these graphs may show striking irregularities, as in M.
tIn attempting to arrange these cases in a series according to severity, it is not suggested that the history of any one case is thereby reconstructed; on the contrary, a detailed consideration of the cases reported here suggests the variability of (lifferent cases as regards the relation of the fields, the fundus appearances, the blood-pressure, atnd the time factor. This variability is well shown by the tables giving the variations in the fields in relation to time and by the blood-pressures given in the list of cases.
Nevertheless, of the cases observed over a period, L, P and T do show concentric atlterations; in L so far an increase, in P and T a decrease. In the right eye of T the concentric diminution has been accompanied by a sectoral loss.
No case in the series shows a sectoral loss without concentric diminution of the rest of the field ; those cases observed over a period have all shown concentric diminution; while the cases considered as a series emphasize the same point-that concentric diminution of the field is the most constant accompaniment of atheroma of the retinal vessels. This does not deny the possibility of a damage limited to one sector of the field; it only affirms that this is at least rare.
General clinical experience shows that atheroma in the retinal vessels and atheroma in other parts of the body do not necessarily accompany each other. One must depend upon the increase of blood-pressure as the principal method by which the alterations in the blood-vessels of the whole body are estimated; its increase may be considered as due to the summation of the narrowing and rigidity of the small vessels. While the blood-pressure gives a general view of the whole picture, the details of this vary greatly in the amount of change present. But as time goes on more areas are involved and the intensity increases. The eye conditions, as revealed by the fields and fundus appearances, fall in with these conditions, both as part of the body and as in the details of the affection of the vessels.
Next must be considered the relation between the fields and the fundus conditions. Although the cases are arranged as far as possible in order of diminution in the fields, yet cases as far down in the list as H and T showed the same fundus appearances as A, B and C, i.e., cutting of the veins without any alteration in the size of the arteries or the brightness of their reflex. These slight alterations hardly account for the loss in the fields.
Two explanations suggest themselves, either there are greater alterations in the lumen of these arteries than would be expected from their external appearance, or the field alterations are secondary to changes in the main retinal artery. Probably both act simultaneously in some cases. The fairly concentric diminution in the fields of these cases does suggest a centrally situated cause rather than an atheroma fairly equally distributed over all its branches, for general considerations as to its irregular distribution in other parts of the body rule out the probability of this occurrence. Sectoral losses, on the other hand, are what would be expected from affections of particular branches of the retinal artery. Yet the fundus appearances do not always entirely agree with the fields. Mr. Foster Moore has shown quite clearly that in some cases alterations in the appearance of an artery are accompanied by a sectoral loss in the field, but case Q (right eye) shows that though a sector may be lost its corresponding arteries may appear normal, while the arteries corresponding with a fairly normal portion show marked narrowing, and F (right eye) shows no sectoral loss corresponding with a marked narrowing of the superior arteries. So that neither in general nor in sectoral contraction can we deduce from the ophthalmoscopic appearance what the visual field will be, or vice versa, except in a very general way.
In several of the cases there is distinct enlargement of the blind spot. If it be assumed that the central artery is affected -about the level of the origin of the branches supplying the nerve head, this would explain the enlargement. If the atheroma were distal to these branches, the blind spot would not be affected. Since the cases with enlarged blind spot agree generally with those not so affected-and in the former atheroma of the central artery must be assumed an additional reason is found for assuming that the general contraction of the fields is mainly due to an affection of the central artery.
ALTERATIONS IN FIELDS.
Some evidence as to this has been obtained. Using the method of an average of eight meridia, the average from the fixation point in these alterations is as follows:--First Group.
F.--Two observations, six weeks interval. J.a.niuary 23, March 3, 1925 Object :1o 
54
...
42
The general tendency to decrease in the fields is clearly shown, yet there are also increases too great to be regarded as errors of observation on the part of the patient, e.g., F, left eye. Case J, in the course of deterioration, showed marked fluctuations. No relation between these local alterations and the blood-pressure could be established.
SUMMARY.
These cases may thus be summarized. In all there is concentric limitation of the visual fields. In most there is a general loss of acuity over the whole field, the fixation point being generally least affected. In the more advanced cases the region of total loss tends to be more irregular and the margin of the remaining field to be abrupt, i.e., the periphery coincides with two or more sizes of test objects; in some cases a 4-volt lamp is not seen at the periphery. The sectoral nature of the losses in some severe cases makes it almost certain that this is due to a blocking of one or more branches of the retinal artery; on the other hand, the general distribution in extent and intensity may be explained by an affection of the central artery. Although some of the cases show that a very high degree of concentric diminution may occur, it is interesting to note that in none of the cases had the patients the difficulty in finding their way about that occurs in glaucoma patients with small fields.
As the retinal artery is essentially a branch of a cerebral artery, and as no branches of the cerebral arteries have anastomoses, it is interesting to speculate upon the bearing of loss of function in the area of the retinal artery when affected by atheroma with a similar condition in the finer branches of the cerebral arteries. In the case of the retinal artery branches there may be little to be seen in the retina if there are no haemorrhages or white spots, which have been excluded in the cases detailed; yet a distinct loss of function occurs over the whole field. May not a similar change occur in the finest branches of the brain ?-not to be detected by decided loss of function such as occurs in thrombosis or hmaorrhage, yet accounting for the subtle alterations in memory, desire and ability for action, loss of judgment, the incapacity for prolonged mental exertion, slowed reaction, which are so characteristic of many people who suffer from atheroma, yet who have not been overtaken by its graver consequences.
Right eye, vision n, the letters being seen momentarily but not read. Media normal. Fundus-dise white, arteries and veins narrowed, especially at the junction of the branches on the disc. The veins very tortuous on the disc. Field not charted by hand scotometer; the upper inner portion is lost.
Left eye, vision P (4). Media normal. Fundus-disc brick red, slightly swollen arteries have a bright reflex.
January 14, 1926 . Says the right eye got better, but has been getting worse for three or four months.
Right eye, vision 7 (1). Fundus unaltered.
Left eye, vision
(2). Fundus-inferior arteries normal, their accompanying veins slightly swollen; superior arteries narrow with bright reflex. Blood-pressure, systolic, 240.
T.-Female, aged 62.
.January 28, 1921 . Eyes and headlhave ached for two months.
Right eye, vision O.
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Disceussion.-Mr. R. FOSTER MOORE said he had not realized that sectoral loss xx-as so rare as had been made clear by Mr. Pickard. There might be obvious changes in the bralnches of the artery with a sectoral loss which did not correspond with the affected vessel. A tributary of the retinal vein inight become obstructed without a corresponding sectoral loss of vision, but such sectoral loss afterwards developed in a fair number of cases; it was, of course, different fromii the narrowing of an artery. He judged that a general concentric loss of field was usually due to narrowing of the central retinal artery itself. It had struck him somiietimes, in taking fields for homonymous heinianopia, that the seeing half was reduced in a concentric way, auld he did not see why that should be.
He thought the loss of energy and of memory must be very distressinig to these l)atients, they were often so in.sistent upon it; it was a marked feature of cases which showed evidence of sclerosis of the retinal arteries and presumnably of the cerebral arteries also. In sonmie of these cases there might be a sectoral defect due to cortical involvement. If there was no loss from peripheral vascular change it would be easy to identify such loss due to cortical involveinent, but if there was loss of field due to peripheral vascular disease in the retina it might be difficult to identify a defect which was in fact due to vascular disease involving the visual cortex.
Mr. ERNEST CLARKE said he thought it would be of even more initerest if the diastolic pressures could be stated also. Halls-Dally and others had pointed out that the systolic pressure gave but little information. In some cases of apparently high blood-pressure, as in aortic regurgitation, the diastolic pressure was very low, and Mr. Pickard, in the light of the diastolic pressures, would probably find that all his cases had a low pressure, that the blood did not reach the periphery owing to lacking a sustained " puish," and because of the hardness of the arteries offering opposition. Mr. Pickard's idea that the eye condition meight throw some light on that of the brain was very apt.
Dr. GORDON HOLMES said that for anyone who had devoted a considerable aimiouint of tiimie to testing any form of sensation by graded stimuli, this paper raised a large number of interesting points.
The cases reported by Mr. Pickard did not belong to a homogeneous group. It might be, as the author himself admitted, that local lesions of the central artery were responsible for sonic of the defects, or, as Mr. Foster Moore h,ad pointed out, that the lesions were more central in the tracts, radiations, or in the cortex. For that reason it was important that in every case showing defects the field of vision should be takenunder the same conditions in both eyes. O-OPHTH 3 * He (the speaker) thought there was another explanation of some of the observations so well reported by Mr. Pickard, namely, that there was an important psychological factor present. For five or six years he (Dr. Holmes) had worked on delicate changes in sensation, and since then he had been engaged in similar or allied studies. His experience was that in certain cases it was difficult to employ graded stimuli. There could be no doubt that the application of graded stimuli in persons over 55 or 60 was difficult, because in any prolonged test the attention tended to fail. In the cases under consideration there might be a definite perceptual defect, too, due to central, rather than peripheral, causes. Therefore his suggestion was that in some of these cases, but not in all, the narrowed fields of vision shown on the charts were due to either a pathological or, momentarily, a psychological failure of attention, or to a general dimiiinution of perceptual acuity, possibly associated with a cerebral arterio-sclerosis. That the psychological factor was present seemed probable from certain remarks Mr. Pickard had made, as even though the field was reduced to a very small central area, some of the patients felt no discomfort fromn it. Some of the charts shown also indicated a great variability in the extent of the field, greater than would be expected if the cause were a structural or anatomical one, such as arterio-sclerosis of vessels. It was not his suggestion that all the cases Mr. Pickard had dealt with could be explained in the way he (the speaker) had suggested, but he thought it was a factor leading to the production of such fields as were projected on to the screen, particularly the cases in which a large number of observations were made in succession on the same day, and were not controlled by similar tests on other days.
He did not wholly agree with the title of the paper, because in many of the cases Mr. Pickard admiiitted there was no visible change in the retinal vessels. He (Dr. Holmes) believed that even when vessels had normal walls a sufficiently high blood-pressure might lead to a definite compression or distortion of retinal veins.
Mr. PICKARD (in reply) said that, in regard to the diminution in the seeing half in cases of hemianopia, he (the speaker) had found the work he had been doing most useful in reminding him that there were other conditions, besides glaucoma and atrophy of the optic nerve, that caused diminution of fields. When an eye showed any atheromatous changes in the retinal vessels, he always tried to make a rough clinical estimate of their influence on the fields. This was of use in a recent case of advanced glaucoma in one eye, with a much diminished field in the other alnd atheromatous changes, but with no rise in tension, and no cupping of the disc. He felt justified in attributing the changes to the atheroma. Seeing that so illany changes of hemianopia occurred in elderly people, it would be natural that a proportion of these should have diminished fields due to atheroma of retinal vessels.
He regretted that only in one or two of the cases was the diastolic pressure taken; perhaps in the future he would be able to rectify this omission.
With regard to Dr. Gordon Holmes' remark that this was not a homogeneous group, he was able to state all the cases showed signs of atheroma in the retina. The notes showed that in each case there was a change which justified the term " atheroma of retinal vessels." If the condition had been due to some central cause, one would have expected something of the nature of hemnianopia in the two eyes. That he had been very careful to investigate, and he thought examination of the charts would show that it was not so.
He fully agreed with what Dr. Gordon Holmes said as to the importance of the psychological factor; he had carefully excluded cases in which he thought the people were not good observers or who seemed unable to stand the strain of the examinations. The timereaction was very important, and he carefully scrutinized the patients while the tests were in progress. Many patients were hopeless from this point of view, because the best one could obtain was some approximation to accurate results. As to tiring patients, he could plead " not guilty! " as he took care that they had a good rest between making the tests. He had not made more than eight observations with any one test disc in the outer part of the field.
One case (P) he watched particularly from the point of view of it being possibly an instance of hysterical contraction. He found that just where the retinal artery came up from the disc there was a distinct narrowing of it; it was narrower than further out. The trouble was in the " bottle-neck," and it was justifiable to assume that the pressure here had some effect on the general circulation. He had reasons for including that case among his series.
With regard to variability in the size of the fields, the patients were good witnesses, and surely relaxation of arteries in a particular area could occur. His experience when in general )ractice showed him that patients the subjects of increased blood-pressure varied considerably;
why, therefore, should there not be alterations in the direction of improvement in the ratinal fields ?
